To ensure environmental and economic sustainability of future aquaculture growth, 14 large-scale hatchery production of mollusc larvae is required. However, variation in larval 15 quality currently limits potential maximum yields. Identification of biomarkers which reflect 16 the immediate physiological condition of larvae during hatchery production could help monitor 17 and determine causes of variation. Metabolomics is well-suited to this task due to its capacity 18 for providing an instantaneous snapshot of the physiology of an organism through analysis of 19 its metabolite profile. As a test, we applied GC/MS-based metabolomics for this purpose. Using 20 42 identification of causes and development of remedial strategies for poor larval health and 43 growth. 44 In New Zealand, mussel (Perna canaliculus) exports represent the largest aquaculture 45 sector by value and volume. Small-scale hatchery production of spat currently contributes only 46 marginally towards industry's seed requirements. However, substantial research over the past 47 decade has led to the on-going development of selective breeding lines (MacAvoy et al. 2008), 48 establishment of a cryopreservation program (Paredes et al. 2012), optimisation of microalgae 49 culture and larval rearing procedures (Ragg et al. 2010; Kaspar et al. 2014) and future strategies 50 for extensive growth and up-scaling of hatchery facilities (Roberts 2013). The ability to provide 51 consistency in larval quality and quantity is an important step towards reaching the commercial 52 goal of successful large-scale production.
a variety of univariate and multivariate feature selection methods, we identified four 21 metabolite-metabolite ratios involving levels of succinate, glycine, alanine, pyroglutamate and 22 myristic acid as candidate biomarkers for assessing mussel larval quality. These metabolites 23 are known to have roles in energy metabolism, osmotic regulation, immune function and cell- 24 cell communication. We anticipate that further investigation of these metabolites and their 25 associated biochemical pathways will yield a more complete understanding of the factors 26 responsible for larval production variability. Introduction: 32 Global mollusc production is rapidly increasing and is one of the largest aquaculture 33 activities in the world. Most of the seed requirements are obtained from wild populations where 34 seasonal and regional reliability of quality and quantity is inconsistent. Furthermore, these 35 natural stocks are approaching, or have exceeded, maximum sustainable yields for some 36 species (Helme et al. 2004 ). In recent years considerable attention has been placed in the 37 production of hatchery-reared juveniles for natural stock enhancement and grow-out 2012) in fish, shellfish and crustaceans are now available. However, despite its wide 92 applicability, the use of metabolomics in mollusc larval culture has not yet been realised. Here, 93 we utilise GC/MS-based metabolomics to identify candidate biomarkers for assessing mussel 94 larval quality using differential growth rates as a quality measure. independently selected from the four methods, 19 ratios were commonly identified ( Figure 1F ), 191 all of which were lower in the poor quality cohort. 192 Multivariate ROC analyses (Table 1) in the microalgae diet fed to larvae during the rearing process (Ragg et al. 2010 ). The mean 242 relative abundances of free myristic acid in the poor quality larvae were lower than in the high 243 quality larvae (0.49 versus 0.65% respectively). This may reflect slight differences in lipid 244 digestive abilities between the two classes. The fact that this discrepancy was small shows that 245 the variation in the myristic/succinate ratios were dominated by large differences in succinate 246 content, providing strong support for the potential importance of the TCA cycle intermediate 247 as a marker of larval quality. 248 The FAA glycine was one of the most abundant metabolites found across all samples 249 which is consistent with its role as a common osmolyte in marine bivalves (Kube et al. 2006 ). 250 Our findings reveal that glycine content was significantly reduced in the poor quality cohort. 
